Dec. 28, 1948. R J. HENGSTEBECK 2,457,232

CATALYTIG CONVERSION SYSTEM

Filed April 17, 1944 2 Sheets-Sheet 1

¥

Flve Gas

.....
Xz

/0 o
i
i
!
i
%
Reacltion Procuc’s
] 7
K
235 44
4
25
o /26'/) ng Srock
(3 Ir9INg Sroc
4% < B
/
2\’}.}5@ Sream o 4. Stesm
Aerating Gss 27 z6
30 Steam
/
: b
2/ /3
Air N
—
W
7 #
A 29
mgrw ,l Invernfor
Robert J. Hengstebeck

1EL

T s

— e




Dec. 28, 1948.

Filed April 17, 1944

R. J. HENGSTEBECK 2,457,232
CATALYTIC CONVERSION SYSTEM
2 Sheets-Sheet 2

_[flue Gas
34

Reaction Products
357

5 /2 .
" qu _Changﬂxg‘Sfock o

4

Srteam -

‘26

Aersting Gaos
0

F0

fnventfor:

Roberrt J //engsfgbeck
By 6;2774cn~
' g!f/ ney




Patented Dec. 28, 1948

2,451,232

UNITED STATES PATENT OFFICE

Robert' J. Hengstebeck, Chicago,
Standard Ol Company,

ration of Indiana

1L, assignor to
Chicago, 1L, a corpo-

Application April 17, 1944, Serial No. 531,383
(C1, 196—52)

14 Claims,
, : 1

This invention relates to a catalytic conversion
system and it pertains more particularly to an
improved method and means for converting hy-
drocarbon oils by contacting the vapors thereof
with porous solid catalysts of small particle size
suspended in hydrocarbon vapors, regenerating
the catalyst while it is suspended in regeneration
gas at a high elevation and returning the re-
generated catalyst to the contacting step.

An object of the invention is to provide a uni-
tary apparatus for effecting contact between the
hydrocarbon vapors and the catalyst in one zone
and effecting regeneration of the catalyst in s
contiguous upper zone by oxidation with air or
other oxygen-containing gases. A further object
Is to decrease the amount and size of equipment -
required for a unit of given capacity and to de-
crease both investment and operating costs.

A further object is to avoid the use of a cata-
lyst valve in the system for returning stripped
catalyst to the regenerator and to thereby elimi-
nate not only serious erosion and valve sticking
problems but also to eliminate the problem of
providing a valve control means between rela-
tively movable elements. A further object is to
minimize the extent to which regeneration gas
must be compressed for introduction into the re-
generation zone.
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A further object is to provide an improved re-

actor-regenerator structure in which the catalyst
flow is effected through internal standpipes which
are free from strains due to thermal expansion
and contraction and in which both downflow and
upflow conduits are carried or supporfed by a
common wall between reactor and regenerator.

A further object is to regulate catalyst hold-
up in the reactor and to maintain the entire sys-
tem in balanced operation by controlling the
densitles of the catalyst in the system- and par-
ticularly in a catalyst return conduit. A further

‘object is to maintain substantially constant flow

of catalyst from a low point to a high point in
the system by controlling the aeration of cata-
Iyst in a conduit extending from said low point
.to sald high point. Other objects will be ap-
parent as the detailed description of the inven-
tion proceeds. - :

In catalytic cracking processes remarkable op-
erating advantages and material savings in con-
struction and operating costs are attainable by
superimposing the regenerator above the reactor.
The pressure at the top of the regenerator may
be only about 1 to 3 pounds per square inch gauge
and the pressure head of catalyst in the regen-
erator may be an additional 1 to 4 pounds which
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.zone or at: least to an-elevat he e o
“pressed” air pipe entering the regeneration zone, -~
“The catalyst in this catalyst-return conduit serves
.as an‘effective seal between the regeneration zone

means -that the air compressor need only dis-
charge the compressed air at a pressure of the
order of about 5 or 6 pounds per square inch
which is much less than would be required if the
regenerator were at the same level ‘as the reactor.
Standpipes leading from the' dense phase in the
regenerator to the dense phase in-the reactor may
provide an additional 6 or 8 pounds pressure
head so.that such standpipes can effectively serve .
as seals between the reactor and regenerator- as
well as providing the head required for.catalyst
flow  when the reactor is operated with ‘a top

Pressure of about 7 or 8 pounds per square‘inch - .
so that reaction vapors may be introduced with~ - . -

system, however, provides a problem. of trans- :
ferring catalyst from the base of the. reaction or .
stripping Zone back to the regenerator.- Any ex-

out compression to a fractionation column..” This

ternal standpipe for dispersing spent catalystinto - .
: ‘ certain "

al expan It'has.
been proposed to introduce the compressed ‘air to -

an ineoming compressed air stream offer:
problems. due to-differential :expansion.

the:" égen‘ératdr’throu'gh‘ a conduit passing ‘up-< o
wardly through the stripping and reaction:zones
and: to simply: introduce’ catalyst from the base *
of the stripping zone through.a, valve to said con-

dult,” -Such -a valve would, however; be subject. ..

to severe erosion and it would. be difficult to con="

trol hecause of the relative ‘moveinent between-. *

the-¢éondult--and the' stripping ~“chamber. -wall.

caused by thermal expansion and contraction. = - °

In the system of my invention o catalyst valve

is required at this point.. -

: T'employ a‘conduit leading

Upwardly from the

5 base. of - the stripping zone ‘to. the regeneration ' ..

ted level in the com- "

and -the stripping Zone, -it ‘faellitates balanced

- operation; and it controls catalyst hold-up in

“the redetor.  The density. of -thie ¢atalyst in this

conduit may be controlled by varying the amount
of aeratfon gas introduced thereto. . The pressure
at the base of the stripper is the sum of the
pressure in the upper part of the reactor plus
the static head of catalyst in the stripper., The
bressure at the base of the catalyst-return con-
duit is the sum of the pressure in the regenera-
tion Zone (or air pipe) at the top of the conduit
plus the static head of catalyst in the conduit
itself. The static head in the conduit depends
on the density of catalyst therein,” which, as
above stated, is controlled by varying the amount

of acration gas introduced thereto. With proper




2,457,282

3

amounts of aeration, balanced operation is read-
ily attainable. The rate of upward flow in any
particular system should of course correspond to
the rate at which catalyst is introduced into the
reactor so that the catalyst hold-up in the re-
actor will be substantially constant. This means
that there should be a substantially constant
difference between the pressure head at the bot-
tom of the conduit and the pressure head at the
bottom of the stripping zone immediately adja-
cent thereto. By regulating the rate of aeration
and thus regulating the density in this column I
can obtain and maintain any desired pressure
differential, control the rate of upward catalyst
flow, and insure balanced operation. i

In one embodiment of my invention the con-
duit may be an annular space surrounding the
incoming air pipe and the catalyst may be dis-
persed in the incoming air at an intermediate
or upper part of the conduit and thence passed
through a suitable distributor into the regenera-
ation zone. -In another embodiment of my inven-
tion the conduit may extend into the regenera-
tion zone at & point above the distributor and
may in fact extend to an upper part of the re-
generation zone. The invention will be more
clearly understood from the following detailed
description of these two embodiments read in
conjunction with the accompanying drawings
which form a part of this speciﬁcation and in
which:

Figure 1 is a vertical section through my re-
actor-regenerator system wherein catalyst is re-
turned to the regenerator in an annular conduit
around the air inlet line, and

Figure 2 is a vertical section through my system
wherein the catalyst return conduit leads to the
upper part of the regenerator. -

As a specific example of my invention I wiil
describe a 20,000 barrel per day catalytic cracking
unit for producing motor fuel from conventional
gas oil charging stocks. It should be under-
stood, however, that my invention is not limited
to catalytic cracking but is applicable to a wide
variety of other conversion process such as cata-
Iytic reforming, isomerization, hydrogenation,
dehydrogenation, aromatization, desulfurization,
etc.- My invention is also applicable to catalytic
processes generally such as oxidation, reduction,
chlorination, etc. and it is even applicable to
processes where no chemical conversion is ef-
fected such, for example, as processes of adsorp-
tion and desorption.

Referring to Figure 1, tower i8 contains reac-
tion zone and regeneration zone with separation
zones for the catalyst within each of these zones
and with an internal stripping zone within the
reaction zone. In operation, about 20,000 barrels
per day of gas oil is charged from source {1
through heater 12 and transfer line {3 to re-
action zone {4 in the lower part of tower 18. The

heating zone may be a conventional pipe still
but it is preferably a. simple heat exchanger or -

plurality of heat exchangers and if the charging
stock is not completely vaporized in the heater
12 it is quickly and almost instantaneously va-
porized on its discharge from distributor 15 into
the reaction zone.. The heat necessary for effect-
ing the catalytic cracking is supplied by the hot
catalyst from the regeneration zone since there
is usually enough carbonaceous deposit on the
catalyst to supply the necessary amount of heat.
By recycling large quantities of catalyst the cata-
lyst itself acts as a heat carrier and if desired
an inert heat carrier material may he admixed
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with the catalyst. The temperature in the re-
action zone is preferably within the approximate
range of 800 to 1050° F., e. g. about 900° F. The
pressure in the upper part of the reactor zone
may be about 8 pounds per square inch and at
the base thereof may be about 10 to 12 pounds
per square inch depending on the depth of the
dense catalyst phase therein.

The catalyst ifself may be of the silica-alumina
or sllica-magnesia type. Such a catalyst may
be prepared by the acid treating of natural clays

. such as bentonite or montmorillonite or by incor-
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porating a metal oxide such as alumina, mag-
nesia, thoria, zirconia, etc. with activated silica.
One method of preparing a catalyst is by ball-
milling silica hydrogel with alumina or magnesia
using about 2 to 30% of alumina or magnesia.
The ball-milled dough may be dried at about
240° P. and then activated by heating to a tem-
perature of about 900 to 1000° F. No inven-
tion is claimed in the composition or preparation
of the catalyst per se and it Is therefore unneces-
sary to describe the catalyst in further detail.
The catalyst may be in powdered form or in
the form of small spherical particles with a par-
ticle size of about 10 to 100 microns. The inven-
tion is applicable, however, to other catalyst
sizes, i. e. up to 200 microns or even to 10 or 20
mesh screen size, provided only that the catalyst

"be of such size and density that it may be aerated

and handled as a fluid in the manner herein
described. The superficial vertical gas or vapor
velocity in the reactor and regenerator for this
finely divided catalyst should usually be within -
the approximate range of 1 to 2% or 3 feet per
second but with some catalysts it may be as
low as .5 and with others it may be as high as
5 feet per second. With vertical gas velocities in
this particular range, i. e. of about 11, feet per
second, the catalyst is maintained as a suspended
turbulent dense phase which is superimposed by
a light diluate phase. The density of the dense
phase should be within the approximate range
of .3 to .9 or within the more limited range of
5 to .6 times the bulk density of settled catalyst
and in this particular case the bulk density of
the dense catalyst phase may be within the ap-
proximate range of 10 to 25 or 30 pounds per
cubic foot, usually sbout 18 to 20 pounds per
cubic foot. The light dilute phase on the other
hand is of very low density, usually below 1
pound per cubic foot although in that portion of
the dilute phase immediately above the- dense
phase the bulk density may be as high as 5 pounds
per cubic foot. The aerated catalyst in stand-
pipes is usually even more dense than the dense
phase catalyst in the confacting zones and sufii-
cient aeration gas should he injected to maintain
this catalyst in aerated liquid-like condition and
at desired density.

Tower 10 is a cylindrical vessel about 36 feet:
in diameter with a cylindrical wall height of
about 60 feet. Its inclined bottom walls 16 lead
to a smaller cylindrical section IT about 15 feet
in diameter which section extends downwardly
to a level about 25 feet below the top of inclined
wall 6. Cylindrical section |7 has an upwardly
extending portion 18 extending to a level about
5 to 10 feet above the bottom of the outer cylin-
drical walls (i. e, about 5 to 10 feet above the top
Conversion is effected by
suspended turbulent dense phase catalyst above
bottom wall 16 and between cylindrical section
18 and the outer walls of the tower.

The bottom walls {8 of smaller cylindrical sec-
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tion {7 slope downwardly toward air inlet pipe
20 and an expansion joint 2f provides for vertical
movement of said pipe with respect to bottom
walls 18. To prevent catalyst solids from enter-
Ing the expansion joint I may provide seal rings
2ig and I may introduce steam or other gas
through line 21b in such amounts and at such
pressure that it will continuously blow by the
seal rings and thus prevent entry of catalyst
solids. Pipe 20 may be about 3 feet in diameter
and it may extend upwardly in tower 18 to g level
about 45 feet from the top of inclined walls {8 or
" about 20 feet above the top of inclined walis 16,
although this particular height is not critical.
At a level about 25 feet below the top of the
outer cylindrical walls a funnel-shaped partition
22 is welded or otherwise secured to the outer
‘walls of tower 10 the upper conical surface of this
partition forming the bottom of the regeneration
zone and the top of the conversion zone. The
tubular bottom portion 22z of the funnei-like
partition is about 7 feet in dlameter and it ex-
tends downwardly around pipe 20 to a point below
. the level of the bottom of wall 17 but above the
bottom walls 19. The space between cylindrical
walls 18 and the walls of tube 22¢ constitutes the
stripping zone in my system. The annular space
between tube 22g and pipe 20 provides the con-
duit for returning catalyst from the stripping
zone to the regeneration zone. .

A standpipe 23 exitends through and is sup-
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ported by the upper conical walls of funnel-like .

partition 22 and communicates with the regen-
eration zone in the top of tower 10 above the level
of distributor plate 24, this distributor being
merely & suitably supported plate provided with
Spaced perforations through which an upwardly
flowing stream may be Introduced and uniformiy
distributed into the regeneration zone. The bot-
tom of standpipe 23 extends to g point 2 or 3 feet
above the juncture of walls 10 with inclined walls
I8 or in other words it extends to g point below
the level of the dense phase catalyst in the con-
version zone. This standpipe may be about 3 or ¢
feet in diameter and a plurality of such stand-
pipes may be positioned at spaced intervals around
the tower. Aeration gas may be introduced into
the standpipe and the flow of catalyst from the
standpipe may be regulated by suitable valves 25
which may be slide valves or valves of the type
fllustrated, for example, by valve 21 in U. S. Let-
ters Patent 2,341,193,
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Stripping steam is introduceq .to the system

through line 26 and is distributed at the base of
the stripping zone at a level above the bottom of
tube 22a by distributer 27. Air from line 28 is
compressed by compressor 29 to about 6 pounds
Der square inch and introduced into pipe 20.
Aeration gas which may be air, steam or any inert
gas may be introduced through line 30 in amounts
controlled by valve 8{ into one or more distributors
82 positioned at one or more levels in the catalyst

b6

60

return conduit, 1. e. the space between tube 22q -

and pipe 20. The product gases and vapors are
withdrawn through line 33 and regeneration gases
are withdrawn through line 34. It should be un-
derstood that cyclone separation means may be
employed in either the reaction zone or the regen-
eration zone or both as taught by U. 8. Letters
Patent 2,337,684.

In operation about 20,000 barrels per day or
253,500 pounds per hour of charging stock vapors
along with about 8,000 or 9,000 pounds per hour
of steam is introduced through distributor (5 at
the base of the conversion zone and at substan-
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tially reaction temperature. The charge may be
Superheated if the heat introduced into the
reactor with regenerated catalyst is insufficient%o
maintain the desired reaction temperature. Usu-
ally, however, the heat which is stored in the cata-
lyst in the regenerator and which is glven up by
the catalyst in “he reactor is more than enough to
accomplish the desired conversion so that the tem-.
perature of the incoming charging stock stream
may be correspondingly lower. I prefer to balance
the heat of reaction with the heat of regeneration.
by varying the temperature of the incoming
charging stock but it should be understood that
cooling means may be employed in the regenerator
or catalyst may be recycled from the regenerator
to a cooler and thence back to the regenerator in
manners now known to the art.

‘Hot regenerated catalyst at s tempersture of
about 1025° F. is introduced at the base of stand-
pipe 23 into the reaction zone at the rate of about
3,800,000 pounds per hour. This catalyst is uni-
formly dispersed throughout the entire dense
phase in the reaction zone and it supplies the
heat of cracking while maintaining a reactor tem-
perature of the order of about 900° F. As much as
4000 pounds per hour of aeration steam may be
required for Introduction through or above valve
25-but this amount may be much less and in fact
may be negligible when the system is on stream.

Catalyst may be withdrawn from the reaction
zone over the top of cylindrical walls (8, or
through openings (8a spaced from the top of said
walls, into the stripping zone at the same rate
as catalyst is introduced into the reactor. The
stripping zone may, in fact, be entirely below the
reaction zone, 1. e. walls 18 may be eliminated and
the stripping effected between walls i1 and 22q,
the distributors’ and dimensions being accord-
ingly adjusted. About 10,000 to 12,000 pounds
per hour of stripping steam may be introduced
through line 26 and distributor 21. The vertical
steam velocity in the stripping zone should be
about 1 foot per second. Stripped catalyst flows
downwardly below distributor 27 and upwardly in
the return-catalyst conduit between tube 22q and
pipe 20 as will be hereinafter described in further
detail. Catalyst from the top of this conduit is
picked up with about 152,500 pounds per hour
or approximately 34,000 cubic feet per minute of
air (measured at 60° F. and atmospheric pres-
sure) which has been compressed in compressor
29 to a pressure of about 6 pounds per square inch.
The air stream carries the catalyst from the top
of the return conduit upwardly through distrib-
utor plate 24 and into the dense catalyst phase
above the distributor plate. Regenerated catalyst
Is returned by standpipe 23 to the reaction zone
and regeneration gases are withdrawn through
line 33. The product stream withdrawn through
line 38 is fractionated in any conventional man-
ner and in this particular case may yield about
900 barrels per day of residual oll, about 4,999
barrels per day of heavy gas oil, about 4,900 bay-
rels per day of light (35° F. A. P. 1) gas oil, about
9,000 barrels per day of 10 pound Reid vapor pres-
sure gasoline and about 1,000 barrels per day of
excess butanes and butylenes. .

In the operation hereinabove described a pres-
sure of about 3.4 pounds per square inch is main-
tained at the top of the regenerator and a sus-
pended turbulent dense catalyst phase of about
9 or 10 feet in depth is maintained above the top
of distributor plate 24. There is g pressure drop
of about 12 pound across the distributor plate so
that the pressure at the bottom of the distribu-
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tor plate is about 5 pounds and immediately above
the distributor plate is about 4.5 pounds per
square inch. The pressure at the base of stand
pipe 23 is about 10 pounds per square inch due
to the added pressure head of the catalyst in the
standpipes 23 and this pressure may be controlled
by varying the rate of introducing aeration gases
through valve 2§ from source 25a. The pressure
in the corresponding level in the reaction zone is
only about 8 or 9 pounds per square inch, the
reaction products leaving the reaction zone at a
pressure of about 7 or 8 pounds per square inch.

Since there is little frictional pressure drop
resulting from movement of the catalyst from
the reactor 14 through the stripping section
formed by walls 1 and 22¢ and the catalyst
return conduit, i. e., the annulus formed by pipes
22a and 20, the pressure at the top of the above
return conduit plus the static head of catalyst
in the said return conduit will equal the pressure
in the reactor plus the static head of catalyst in
said stripping section. When the pressures at the
top of the above conduit and in the reactor are
held constant and the amount of stripping
mediuin introduced through line 26 is also main-
tained constant, the catalyst level in the stripping
section and therefore in the reactor depends upon
the density of the catalyst in the return conduit.
Since this density in the conduit depends upon
the amount of aeration in the conduit, the cata-
lyst level in the reactor can be controlled by the
aeration in this conduit. When in balanced oper-
ation the columns of catalyst just balance each
other under their respective pressures and any
catalyst added to the reactor will cause an equal
quantity of catalyst to be displaced at the top of
the conduit. Thus the catalyst circulation rate
is controlled by the rate of addition to the reactor
14, that is by the regenerated catalyst slide valve
25,

‘The amount of aeration gas introduced through
line 3% will be dependent in large measure on the
height and cross-sectional area of the catalyst-
return conduit and in the specific example herein
described it may be about 3000 to 5000 or about
4000 pounds per hour of aeration steam. When
pipe 20 extends into pipe 22¢ only up to the
approximate level of the dense catalyst phase in
the reactor, less aeration gas will be required than
when it extends to the top of pipe 22a. The lat-
ter arrangement, however, provides an added
safety factor, i. e. a more effective seal. The
cross-sactional area of the return conduit should
be large enough to provide free flowing without
excessive pressure drops. In the preferred em-
hodiments, as illustrated by the specific example
herein described, the return conduit simply and
automatically maintains uniform catalyst hold-up
in the reactor. If the rate of catalyst introduc-
tion through standpipe 23 is increased, the cata-
lvst head in the reactor and stripper will be in-
creased and a correspondingly increased amount

of catalyst will flow through the return conduit.

If catalyst flow through standpipe 23 decreases
or stops, then fow through the return conduit will
automatically decrease or stop-because of the
decreased head at the base of the stripper as com-
pared with the head at the base of the return
cenduit. Valve 31 may be operated in accordance
with the pressure differential from the bottom to
the top of the return conduit and it may be oper-
ated manually or automatically by hydrostatic,
pneumatic, mechanical or electrical means to
maintain a substantially constant pressure at the
base of the stripping zone or in other words a

[
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constant catalyst hold-up in the reactor-stripper
vessel. . )

The embodiment {llustrated in Figure 2 is iden-
tically the same as there hereinabove described in
connection with Figure 1 except for a slight modi-
fication in the structure and arrangement of the
catalyst return conduit. In this case the air inlet
pipe 20 is directly connected to the cone-shaped
bottom 22b of the regenerator and a return con-
duit 22¢ extends through and is supported by said
sloping walls 22b. Conduit 22¢ may be integraliy-
connected to or supported by pipe 20 in this modi-
fleation and by the same token standpipe 23 may
be adjacent, supported by, integrally associated
with or even outside the outer wall of tower 10.
The use of a cylindrical conduit 22c instead of an
annular conduit simplifies {o a certain extent the
distribution of aeration gas into this conduit.
Aeration gas distributor 32 may be a relatively
small pipe extending axially upward almost to the
top of conduit 22¢ and this small pipe may be
provided with perforations at spaced intervals
to provide the desired extent of aeration all along
the conduit. Conduit 22¢ may terminate just
above walls 22b or may communicate with pipe
20 at an even lower leve] and may thus function
in exactly the same way as hereinabove described
in connection with Figure 1. However, conduit
22¢ may have an upper extension 22d passing
through distributor plate 24 and terminating at
a point above.-the distributor and either adjacent
thereto or at about the upper dense phase cata-
1yst level in the regeneration zone. By thus re-
turning the catalyst directly to the upper part
of the regeneration zone I avoid the necessity of
passing ecatalyst through distributor plate 24 and
I thereby effect additional savings in compression
costs, but considerably larger amounts of aera-
tion gas will have to be introduced through line
30.

While I have described two specific embodi-
ments of my invention it should be understood
that my invention is not limited thereto since
numerous other modifications and alternative
operating conditions will be apparent to those
skilled in the art from the above description.
Catalyst from standpipe 23 may be suspended in
charging stock vapors before being introduced
into the reactor, and such introduction may be
through a suitable distributor as disclosed in con-~
nection with the regenerator. Standpipe 23 may
be outside instead of inside the unitary reactor-
regenerator system, In some cases the reactor
may be mounted above the regenerator, this being
particularly desirable in such reactions as the
dehydrogenation of normal butenes to produce
butadiene where the reaction should be at as high
a vacuum as is feasible but atmospheric pressure
is employed for regeneration. These are merely
illustrative of possible modifications of the inven-
tion, ’

I claim: ‘

1. In apparatus suitable for effecting catalytic
conversion of hydrocarbons with solid catalyst
of small particle size, a vertical cylindrical con-
version chamber having inclined bottom walls
and top walls, a vertical cylindrieal regeneration
chamber superimposed above said conversion
chamber the top walls of the conversion chamher
forming at least a portion of the bottom walls of
the regeneration chamber, a tube extending
downwardly through the conversion chamber and
communicating at its upper end with the inclined
walls which form the base of the regeneration
chamber, a cylindrical stripping chamber sur-
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rounding said tube with its upper end open to said
conversion chamber and with its lower walls ex-
tending below the inclined walls of the conversion
chamber, an expansion joint at the base of said
stripping chamber, g compressed air pipe extend-
ing through said expansion joint and axially
through at least a substantial part of said tube,
the lower end of said tube being spaced from the
bottom wall of said stripping chamber whereby
fluidized solids may flow from the stripping cham-
ber into an annular space between said tube and
said pipe, said space forming a catalyst return
conduit, means for introducing an aeration gas
into said catalyst return conduit, means for regu-
lating the amount of aeration gas so introduced,
means for introducing steam at a low point in the
stripping chamber ai a level above the bottom of
said tube, means for introducing compressed air
into said pipe and for distributing said com-
pressed air into the regeneration chamber along
with catalyst from the top of said return conduit,
a stand-pipe communicating at its upper end
with said regeneration chamber, means for in-
troducing catalyst from the base of said standpipe
into said conversion chamber, means for remov-
ing regeneration gases from the upper part of
said regeneration chamber and means for remov-
ing conversion products from the upper part of
said conversion chamber.

2. In apparatus suitable for effecting catalytic
conversion of hrydrocarbons with solid catalyst of
small particle size, a cylindrical contacting cham-
ber provided with a conical base, a tube extending
downwardly from said conical base, outer circular
walls surrounding said tube and extending from
said conical base to a low level below the lower
end of the tube, an expansion joint at the bottom
of said walls, an air pipe extending upwardly
from said expansion joint and communicating
with the space within said conical base above said
tube, said pipe being of smaller diameter than said
tube whereby an annular conduit is formed be-
tween sald tube and said pipe, and means for
introducing an aeration gas in regulated amounts
into the annular space between said tube and said
pipe.

3. In apparatus for effecting catalytic con-
version with solid catalyst of small particle size,
a reaction chamber, a regenerator superimposed
above sald reaction chamber with the bottom
wall of the regenerator forming the top wall of
the reaction chamber, a stripping chamber com-
municating with and at least partially surrounded
by said reaction chamber and underneath said
regenerator, a standpipe extending through said
wall for conveying aerated catalyst from the re-
generator to the reaction chamber, a substantially
vertical conduit extending from a low point in
the stripping chamber directly upward at least to
said wall and merged in unrestricted communica-
tion with the lower part of the stripping chamber
for conveying aerated catalyst from the bottom
of the stripping chamber directly upward to said
regenerator, means for introducing an aeration
gas in regulated amounts into said conduit, means

for introducing a stripping gas into said stripping
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tire cross-sectional area of said regenerator and

-means for removing gases from the top of said

regenerator. »

. 4. The apparatus of claim 3 wherein the upper
end of said conduit is below said distributing
means. . :

5. The apparatus of claim 3 wherein the upper
end of said condult terminates above the level
of said distributing means.

6. In apparatus for effecting catalytic conver-
ston with solid catalyst of small particle size,
& reaction chamber, s regenerator superimposed
above sald reaction chamber with the bottom
wall of the regenerator forming the top wall
of the reaction chamber, a stripping chamber
communicating with and extending below said
reaction chamber, a standpipe extending through
sald wall for conveying aerated catalyst from
the regenerator to the reaction chamber, a sub-
stantially vertical conduit extending from 2 jow
point in the stripping chamber directly upward at
least to said wall and merged in unrestricted com- -
munication with the lower part of the stripping
chamber for conveying aerated catalyst from the

‘bottom of the stripping chamber directly upward:

_to said regenerator, means for introducing an
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chamber, means for introducing charging stock

into said reaction vessel, means for removing
reaction products therefrom, means for intro-
ducing compressed air at a low point in said re-
generator, said last-named means comprising a
vertical compressed-air line extending upwardly
through at least a part of said reaction chamber
and extending at least to said wall, means for
distributing said air across substantially the en-

70
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acration gas in regulated amounts into said con-
duit;-means for introducing a stripping gas into

said. stripping chamber, means for introducing .

charging stock into said reaction vessel, means
for removing reaction products therefrom, means
for introducing compressed air at a low point in
sald regenerator, said last-named means compris- - -
ing a vertical compressed-air line extending up-
wardly through at least a part of sald reactor
chamber and extending at least to said wall
means for distributing said air across substanti-
ally the entire cross-sectional area of said’ re-
generator and means for removing gases from
the top of said regenerator.

7. The apparatus of claim 6 wherein the upper
end of said conduit is below said distributing
mesans.

8. The apparatus of claim 6 wherein the upper
end of sald conduit terminates above the level
of said distributing means. :

8. In apparatus for effecting catalytic conver-
sion with solid catalyst of small particle size a
first contacting chamber, a second contacting
chamber mounted above the level of the first con-
tacting chamber, a distributor mounted at a low
point in the second contacting chamber, a sub-
stantially vertical standpipe communicating with
the space above said distributor in said sec-
ond contacting chamber and extending down-
wardly for introducing catalyst solids at a low
point in the first contacting chamber, means for
regulating flow of solids in said standpipe and
for maintaining solids therein in aerated condi-
tion, a substantially vertical pipe extending up-
wardly to the second contacting chamber and
communiczating therewith at a point below said
distributor, a substantially vertical conduit with
its lower end close to but spaced from the bottom
of the first contacting chamber and with its up-
per end communicating with said second con-
tacting chamber, means for introducing an aerat-
ing fluid in regulated amounts into said conduit,
means for distributing a first fluld stream at a
low point in the first contacting chamber and
for removing & fluid stream from the upper part
thereof, means for introducing a fluid stream
into the second contacting chamber through said
pipe and distributor, and means for removing a
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fluid stream from the upper part of said second
contacting chamber.

10. The apparatus of claim ¢ wherein said con-
duit communicates with the second contacting
chamber at a point below said distributor.

11. The method of effecting catalytic conver-
sfon with a solid catalyst of small particle size
which requires periodic regeneration, which

method comprises introducing a regenerated -

- catalyst from a downwardly moving aerated col-
umn thereof into a conversion zone which is un-
derneath a regeneration 2zone, introducing a
charging stock at a low point in said conversion
zone and passing sald charging stock as a gaseotts
stream upwardly through said conversion zone at
such low velocity as to maintain a suspended

10

16

turbulent dense catalyst phase therein super- -

imposed by a light catalyst phase, withdrawing
8 product stream from said light dispersed cata-
lyst phase, withdrawing catalyst from the dense
phase in the conversion zone into an adjacent
stripping zone and stripping the catalyst with a
stripping gas in sald stripping zone, conveying
catalyst from a low level in the stripping zone
directly upward to said regeneration zone as an
upwardly moving aerated column, maintaining a
pressure at the base of the stripping zone which.
is substantially higher than the pressure in the
regeneration zone at the upper end of said col-
umn, introducing aeration gas into the upwardly
moving column in such amounts that the average
bulk density of the catalyst in the column mul-
tiplied by the length of the column gives a head
sufficient to substantially balance the pressure
difference between the base of the stripping
zone and the regeneration zone at the upper end
of the column so that by increasing aeration in
the column upward catalyst flow is increased and
by decreasing aeration in the column to a suffi-
cient extent catalyst flow therein may be stopped,
the extent of aeration thus serving the function
of a regulating valve and the column without
aeration serving the function of a cut-off valve,

20

80

35

40

12

introducing a regeneration gas at a 1ow point in
the regeneration zone and passing said regenera-
tion gas upwardly at such low velocity a; to main-
tain a dense turbulent suspended catalyst phase
superimposed by a light dilute catalyst phase,
withdrawing regeneration gases from said dilute
catalyst phase in the regeneration zone, with-
drawing catalyst from the regeneration Zzone
directly from the dense phase as a downwardly
moving aerated column and returning catalyst
from the base of said column to said conversion
zone,

12. The method of claim 11 which includes the
step of dispersing catalyst from the top of the up-
wardly moving column into the introduced gen-
eration gas before said regeneration gas is intro-
duced into the regeneration zone.

13. The method of claim 11 which includes the
step of introducing catalyst from the top of the
upwardly moving column info the regeneration
Zone above the level at which regeneration gas is
introduced thereto.

14. The method of claim 11 which includes the
step of introducing aeration gas into the up-
wardly moving column at a plurality of spaced
levels therein. .

ROBERT J. HENGSTEBECK.
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